Abstract
among plant species. These variations in seed characteristics may have an important 54 influence on the passage time in the gut of animal dispersers (Traveset, 1998) . For 55 example, Leavy & Grajal (1991) and Schwarm et al. (2008) showed negative correlations 56 between seed size (mm) and passage time in cedar waxwings Bombycilla cedrorum and 57 the pygmy hippopotamus Hexaprotodon liberiensis, respectively. In such cases, smaller 58 seeds would be dispersed farther from parent plants. In contrast, Julliot (1996) , Wotton, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 R e v i e w C o p y Tsuji et al. 7 In the present study we conducted feeding experiments with captive Japanese 90 macaques (Macaca fuscata), an important seed disperser in temperate forests of Japan 91 (Yumoto, Noma & Maruhashi, 1998; Otani & Shibata, 2000; Otani, 2003 Tsuji et al. 8 0.05).
108
The monkeys were fed 100 g of monkey chow twice a day (10:00 and 14:00). They 109 were also fed 35 g of sweet potatoes for morning meals three times per week. These are 110 high quality foods relative to many of the foods consumed by Japanese macaques in the 111 wild (Mori, 1979; Nakagawa et al. 1996) Tsuji et al. 9 (THS-30, Niigata Seiki Co., Japan) to the nearest 0.05 mm. We also weighed dry seeds on 126 an electric balance (UX4200H, Shimadzu Co., Japan) to the nearest 0.01 mg. We 127 estimated seed volume based on the following formula suggested by Garber (1986):
where R = (seed width + height)/4, and L = seed length. The specific gravity of the seed
130
(mg·mm -3 ) was calculated as (dry seed weight/seed volume).
131
We inserted both plastic and real seeds into chunks of banana and fed them to the 132 monkeys. We adjusted the number of seeds inserted into the banana to total 133 approximately 400-500 mm 3 to eliminate the effect of total seed volume on the passage 134 time (Table 1) . Each animal was fed seed-loaded bananas once during the morning meal
135
(10:00). Single type of seeds was fed to a given animal for each experiment, and same 136 type of seeds was fed to all macaques on a given experiment. We visited the experimental 137 room at least every two hours from 6:00 to 18:00 to determine whether the monkeys had 
where m i = the number of seeds excreted at the ith defecation at time t i (hr) after ingestion. using Spearman's correlation analyses. Significance levels were set at 5% for these 162 analyses. We examined the effects of the physical characteristics of seeds (dry weight, 163 volume, and specific gravity) on the passage time using the generalized linear models 164 (GLM). We assumed gamma distributions for the three variables associated with passage 
Results

171
Administration and recovery of seeds
172
The monkeys readily and immediately consumed the real and plastic seeds concealed in 173 chunks of banana. Spitting out was rarely observed for the real seeds (n = 5, mean ± SD 174 = 2.8 ± 6.4 % of seeds in a banana (six types mean)), while for the plastic seeds 175 relatively many of the seeds were spat out (29.0 ± 17.6 % of larger and 10.5 ± 12.1 % 176 of smaller seeds) ( Table 1) .
177
Among eight feeding trials, the median of seed recovery percentage for the real 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The passage rates measured by TT, MRT, and TLA were 22-35 hr (Fig. 1a) , 37-54 hr (Fig.   188 1b), and 53-109 hr (Fig. 1c) , respectively. We treated the three passage time variables as 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 
203
The GLM selected dry seed weight as a factor affecting MRT (positive effect), and 204 specific gravity as a factor affecting TLA (positive effect) ( (Table 2) . Furthermore, it is noteworthy that the positive effect of the specific gravity on
246
TLA was irrelevant to the plastic beads, which had a quite high specific gravity. Our study
247
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